Many animal models of temporal lobe epilepsy (TLE) begin with status epilepticus (SE) followed by a latency period. Increased hippocampal pyramidal neuron excitability may contribute to seizures in TLE. I h , mediated by h channels, regulates intrinsic membrane excitability by modulating synaptic integration and dampening dendritic calcium signaling. In a rat model of TLE, we found bidirectional changes in h channel function in CA1 pyramidal neurons. 1-2 d after SE, before onset of spontaneous seizures, physiological parameters dependent upon h channels were augmented and h channel subunit surface expression was increased. 28-30 d following SE, after onset of spontaneous seizures, h channel function in dendrites was reduced, coupled with diminished h channel subunit surface expression and relocalization of subunits from distal dendrites to soma. These results implicate h channel localization as a molecular mechanism influencing CA1 excitability in TLE.
Introduction
Temporal lobe epilepsy (TLE) is a common cause of intractable seizures (Engel, 1993) , but mechanisms governing seizure propensity in TLE remain elusive. In many animal TLE models, an initial episode of status epilepticus (SE) is followed by a seizure-free interval (latent period) before spontaneous seizures commence. In TLE, seizures often originate in the hippocampus (Dudek et al., 2002; White, 2002) . Thus, understanding molecular mechanisms controlling hippocampal excitability is central to developing effective therapies.
The subcellular localization of voltage-gated ion channels is critical for regulating neuronal excitability (Lai and Jan, 2006) . Apical dendrites of CA1 pyramidal neurons possess a markedly polarized distribution of hyperpolarization-activated current, I h , which is mediated by hyperpolarization-activated cyclic nucleotide-gated (HCN) channels (h channels) comprised of HCN1 and HCN2 subunits. Both I h (Magee, 1998 (Magee, , 1999 and HCN1 and 2 subunits (Lorincz et al., 2002; Notomi and Shigemoto, 2004; Santoro et al., 2000) are strikingly enriched in distal dendrites. A fraction of h channels is active near the resting membrane potential, thereby depolarizing neurons. In the soma of CA1 pyramidal neurons, increased I h can result in repetitive firing by rebound depolarization (Chen et al., 2001) . In distal dendrites of CA1 pyramidal neurons, I h limits excitability by 1) depolarizationmediated inactivation of voltage-gated Ca ++ channels (Tsay et al., 2007) , and 2) reduction of kinetic and amplitude components of EPSPs (Magee, 1998) . Blocking I h increases dendritic excitability in CA1 pyramidal neurons (Magee, 1999), whereas pharmacological enhancement of dendritic I h reduces CA1 excitability (Poolos et al., 2002) . In CA1 pyramidal neurons, neuronal activity mediates bidirectional homeostatic control of I h (Brager and Johnston, 2007; Fan et al., 2005; Narayanan and Johnston, 2007; van Welie et al., 2004) . Along these lines, we and others have observed that activity controls h channel localization in CA1 pyramidal neurons (Bender et al., 2007; Shin and Chetkovich, 2007) . Recently, Jung et al. reported a chronic increase in CA1 pyramidal neuron excitability due to reduced I h in CA1 dendrites in the pilocarpine model of TLE, and suggested that diminished h channel expression underlies this defect (Jung et al., 2007) . To further address the mechanism of h channel dysfunction in TLE, we explored whether h channel trafficking is altered during TLE epileptogenesis.
Our results demonstrate an increase in I h in CA1 pyramidal neurons 1-2 d after SE, an effect explained by an upregulation of HCN1 surface expression. At 28-30 d after SE, I h is significantly reduced in dendrites, and h channels are downregulated from the surface membrane. Furthermore, HCN1 subunits are mislocalized from dendrites to the soma, and interaction between HCN1 and a protein implicated in h channel trafficking, TRIP8b, is disrupted. These findings suggest that aberrant h channel subunit trafficking contributes to the h channelopathy in TLE. Neurobiology of Disease 32 (2008) 26-36 
